Abstract
is represented by a constant price elasticity function [5] . By developing a model for optimal cycle and payment times for a retailer in a deteriorating-item inventory situation, Sarker points out the retailer always has an option to pay after the permissible credit period depending on unit purchase and selling price, the deterioration rate of the products and the interest rate [6] . As a matter of fact, the delay in payments is always depend on the quantity ordered, that is, when the order quantity is less than at which the delay in payments is permitted, the payment for the consignments must be made immediately, otherwise, the fixed trade credit period is permitted, based on these arguments, Chung deals with the problem of determining the economic order quantity (EOQ) for exponentially deteriorating items under the conditions of permissible delay in payments [7] . Another paper of Chung in this issue take a new approach to determining the economic order quantity (EOQ), the novelty of the proposed approach is in suing the discounted cash-flows (DCF) to present a new inventory model for deteriorating items [8] . Motivated by the shortcoming of many researchers have assumed that the selling price is the same as the purchasing costs, Teng proposes an algorithm for a retailer to determine its optimal price and lot size simultaneously [9] . Recently, Ouyang establishes an integrated inventory model with a price sensitive demand rate, determining jointly economic lot size of the retailer's ordering and the supplier's production batch [10] .Huang presents an inventory model assuming that the retailer also offers a credit period to his/her customer which is shorter than the credit period offered by the supplier [11] . Wen Xiaowei considers the inventory model of deteriorating items with non-constant deterioration rate and demand rate under inflation and permissible delay in payments [12] .Ma Ke discusses the changes in profit of the supply chain under permissible delay in payments in monopolistic competition market [13] . Luo Jianwen describes an EOQ model with multiple finite periods and price fluctuation in its each period under supplier-timed credit and the optimal ordering policies was obtained [14] .
From the above discussion, it is clear that numerous articles are aimed at determining the optimal order quantity or replenishment cycle length under the conditions of permissible delay in payments. Obviously, these articles research this problem from the retailer's perspective only. Of course, there are some other papers intend to study the optimal production quantity from the angle of supplier, i.e., the supplier and the retailer are assumed independent of each other. However, nowadays, the rapidly developing global market place has made the industrial environment more competitive, thus, a key question that needs to be addressed in improving supply chain efficiency is enhancing the interaction or co-operative relationship among the supply chain participants. Hence, this article is motivated by the above arguments, a new economic production quantity (EPQ) model for the co-operative supply chain under the conditions of permissible delay in payments is developed to maximize its total profit per unit time. Furthermore, in order to compare the co-operative supply chain and non-cooperative supply chain, another EPQ model for the non-cooperative supply chain under the same conditions is developed.
Assumptions and notation
For the purposes of illustrating the methodology and mathematical model proposed in this paper, we make the following primary assumptions:
(1) We define a two-echelon supply chain, with a retailer and a supplier. Moreover, the inventory system involves a single type of items.
(2) Demand rate D and replenishment rate P are both constant. (6) P C W  (7) ec rr  (8) During the trade credit period, the retailer can accumulate sales revenue and earn interest only from bank, when the retailer should settle the account for the supplier, he/she can pay the sum of the accumulated revenue and the earned interest to the supplier, if the sum can't cover the total purchasing costs, he/she should apply for bank loans, and then repay the bank with interests.
In the subsequent analysis, we use the following notation:
S unit selling price of the item of the retailer 
With the boundary condition   0 IT  , so we can derive the solution of (1)
The supply chain's total cost per unit time
Since in assumption (1) we have assumed that this supply chain system comprises one supplier and one retailer. Moreover, the inventory system involves a single type of items. Hence, the supply chain's total cost per unit time  consists of two parts: supplier's total cost per unit time and retailer's total cost per unit time.
Retailer's total cost per unit time
The retailer's total cost per unit time consists of the following elements:
(1) Ordering costs: 
Supplier's total cost per unit time
(1) Purchasing costs:
  
The supply chain's total revenue per unit time
Similar to the supply chain's total costs per unit time  , there are also two important components of the supply chain's revenue per unit time  : they are supplier's total revenue and retailer's total revenue respectively. 
The retailer's total revenue per unit time
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The co-operative supply chain's total profit per unit time model
It is therefore obviously to get the co-operative supply chain's profit per unit time Z by using the above results in (6) and (8) 
Optimization procedure
Finding the optimal solution to (9) according to the above expressions is not an easy assignment. So before we solve this thorny problem, let us utilize a truncated Taylor series expansion for the exponential term. 
The optimal analysis under the conditions of co-operation
We show that if there exists a feasible solution which maximize the supply chain's total profit per unit time, then the supply chain's profit function should satisfy the following condition. 
Since the fact that   
As before, in order to maximize (23), we require the first and second order derivative of  with respect to T should satisfy (12) In table 1, we find that the supply chain's EPQ increases with the trade credit period M, i.e., as the trade credit period M increases, so does the supply chain's EPQ.
Next, we give the comparative effect of co-operative supply chain and the non-cooperative supply chain. See Table 2 . 
